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Summary.-Serum vitamin A concentrations were measured in 26 newly diagnosed
lung-cancerpatients and found to besignificantlvlowerthanthose ofpatients of simi
-
lar age with either non-malignant lung or non-lung diseases. The levels of vitamin
A in the lung-cancer patients, but not in the controls, were significantly correlated
with serum concentrations ofretinol-binding protein (RBP) and zinc. It is suggested
that low levels of zinc might reduce the synthesis of RBP and thus reduce the mobi-
lization of vitamin A from the liver.
VITAMIN A and its derivatives, collec-
tively called retinoids, play an essential
role in controlling the differentiation of
epithelial tissues. As early as 1925, hyper-
plasia and metaplasia were observed in
vitamin A deficiency in some epithelial
tissues such as those of the trachea and
bronchus (Wolbach & Howe, 1925). More
recent experimental studies have shown
that such metaplastic changes can be
reduced by retinoids (Clamon et al., 1974).
Several workers have demonstrated that
retinoids also exert a protective effect
against the induction ofbenign and malig-
nant epithelial tumours by carcinogenic
polycyclic hydrocarbons (Bollag, 1972;
Cone & Netlesheim, 1973).
An important feature in the aetiology
of lung cancer is its strong association
with cigarettesmoking (Doll & Hilly 1964).
A survey of dietary habits and cigarette
smoking has suggested that the dietary
intake of vitamin A was negatively asso-
ciated with lung cancer at all levels of
cigarettesmokingtBjelke, 1975). We (Basu
et al., 1976) have reported low vitamin A
levels intheplasmaoflung-cancerpatients.
Similar results were obtained in a study of
the plasma vitamin A levels of patients
with squamous-cell carcinoma of the oral
cavity and oropharynx (Ibrahim et al.,
I977).
The present investigation was an at-
tempt to confirm our previous findings
and to determine the factors which may
affect the circulating level of vitamin A in
lung-cancer patients.
Vitamin A is transported in the plasma
bound to a specific carrier protein, retinol-
binding protein (RBP) (Glover, 1973).
Furthermore, the release of the vitamin
into the plasma from the liver stores is
affected by the concentration of zinc
(Smith et al., 1973). In the work reported
here, these factors have been determined,
together with those of serum proteins and
copper.
PATIENTS AND METHODS
Patients.-Twenty-six newl diagnosed,
histologically proven, lung-cancer patients
(22 males, 4 females) were studied. Their ages
ranged from 46 to 82 years with a mean of
64-7. Ten patients had squamous-cell car-
cinoma, 5 oat-cell carcinoma, 3 adenocar-
cinoma and 8 had undifferentiated carcinoma.
The results of these patients were compared
,6th those of 10 patients (7 males, 3 females)
having non-malignant lung diseases such as
acute or chronic bronchitis or bronchiectasis
(Control Group 1). Their ages ranged from
47 to 74 years with a mean of 60-3. The
second control group (11) consisted of 11
patients (8 males, 3 females) having other
non-malignant diseases such as ischaemic929 S. ATUKORALA ETA L.
There were no differences in the mean
values for vitamin A according to histo-
logicaltype oftumour.
The concentration of RBP in the serum
of the lung-cancer patients was 4-1 +
0-23 mg/100 ml plasma, which was sig-
nificantly lower (P<0-001) than either of
the control groups (non-malignant luno,
diseases 5-38+0-15 mg/100 ml; other
non-malignant diseases 5-47+0-27 mg/
100 ml). There was a highly significant
correlation between the concentrations of
RBP and vitamin A (r=0-86, P<0-001)
(Fig.). There was no such correlation in
the control group.
The mean concentration of zinc in the
serum of the cancer patients was lower
than in that of Control Grotip 11. The
mean concentration of copper in the serum
of the cancer patients was higher than
that in the Serum of Control Group 1.
The differences between the concentration
in the cancer patients and those in the
other control groups were in the same
direction but not, significant. As a result,
of these differences the Zn:Cu ratio in
cancer patients was significantly lower
(P<0-01) than in either of the control
groups (Table 11). The serum zinc con-
centrations werepositively correlated with
both vitamin A (P <0-01) and RBP
(P <0-01) in lung-cancer patients, but not,
in the 2 control groups.
The total protein and albumin levels
were similar in lung cancer patients and
controls.
DISCUSSION
The concentration of vitamin A in the
serum of the lung-caneer patients was
heart disease, hiatus hernia, myocardial
infaretion and cerebrovascular incident. Their
ages ranged from 48 to 75 years with a mean
of 63-4.
Overnight-fas,ting blood samples NN-ere col-
lected bi, venepuncture; sei-um AN-as separated
"rithin 2 h of withdrawal of the blood and
divided into aliquots and stored in sample
tubes protected from the light at -40'C until
analysed. Theanalyses for vitamin A, vitamin
E and g-carotene were cai-ried out within 2
weeks of collection.
Methods.-ATitamins A and E in the serum
were determined simultaneously by a modi-
fication ofthe fluorometric method ofHansen
& Warwick (1969) and Van Steveninck & De
Goeij (1973). Serum g-carotene -was deter-
mined spectrophotometrically (Neeld & Pear-
son, 1963). Copper and zinc were determined
in the serum by atomic absorption spectro-
photometry. Serum retinol-binding protein
(RBP) was determined by the single radial
iinmunodiffusion technique (Mancini et al.,
1965) using LC partigen immunodiffusion
plates (Behring Diagnostics, Hoechst (UK))
and proteins -%Aere determined using Sigma
protein i-eagents.
RESULTS
Similar valucs were found for the serum
concentrations of vitamins A, E and g-
carotene in both control grotips (Table 1).
In patients with lung cancer the mean
value for vitamin A wassignificantly lower
(P >0-01) than in eitlier contrrol group.
The mean concentration of P-carotene in
the serum of lung-cancer patients was
lower than in the controls, but the differ-
ence Nvas not signifieant. The value for
vitamin E in the lung-cancer patients
was similar to that in the eontrols.
TABLE I.-Concentratiow of 8erum vitamin A, fl-carotene and vitamin E in luny-cavcer
patients and controls. J'alues are meaw + 8.e.
Vitamin A
(.UglI00 ml)
46.9 + 2-4*
58-3 + 1.6
61-9 + 2-2
P-carotene
(tigII00 ml)
105 + 9-3
Vitamin E
(tkglmi)
9-0 + 0-6
Groul) ofpatients (No.)
Lung cancer (26)
Control groups:
(1) non-malignantlung dvseases (I() (11) othernon-malignant, diseases (I 1)
120-9 + 9-8 9-0 + 0-6
130-0 + 8.9 9-6 + (.5
* Significantly (lifferent fi-om T (P< 0-01) aii(i 11 (P < 0-001).929 VITAMIN A, ZINC AND LUNG CANCER
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FiG.-Relationship of vitamin A to retinol-binding protein (RBP) in the sera of lung-cancer
patients and controls.
O-Lung-cancerpatients.
A-ControlGroup I (non-malignantlungdiseases).
O-ControlGroup II (othernon-malignantdiseases)
TABLEII.-Concentrationsof serum zinc and copper inlung-cancerpatients and controls.
Values are means + s.e.
(No.)
Zinc
(ILM)
12-8 +0-7t
Copper
(,um)
23-9+1-1*
Zn/Cu
0.52 +0.04**tt
Group ofpatients
Lung cancer (26)
Control groups:
(1)Non-malignantlung disease (10)
JI) Othernon-malignant diseases (I1)
14-3 + 1-3
16-4 + 2-0
19.9 + 0.9 0-72 + 0-07
21-4+ 1.4 0-73 + 0.05
* Significantly different from (1) (* P <0-05, ** P <0-01).
t Significantly different from (11) (t P < 0-05, tt P < 0-01)
-
lower than in the controls. This finding
agrees with that reported in our earlier
study (Basu et al., 1976). Our findings do,
however, differ from those reported by
Cohen et al. (1977), who measured serum
vitamin A concentrations in patients with
non-resectable lung cancer. The mean
value in our control patients was 60 .ug/
100 ml, which is somewhat higher than
the mean control value of 50 /.4g/100 ml
quoted by Cohen et al. (1977). It is to be
noted that these workers quoted a value
for a "Control population". They did not,
however, determine a control value in an
age-matched population. The mean values
in their patients tended to be higher than
in our studies.
The finding of low plasma vitamin A
levels in these patients does not support a
possible aetiological role for the vitamin
in lung cancer, although this possibility
cannot be excluded. In view of the fact
that vitamin A deficiencyhardly occurs in
.Britain, but the incidence of lung cancer
in the country is high, it is possible that
the subnormal levels of vitamin A in
plasma of the lung-cancer patients were
due to thegrowth ofthe tumour. The fact
that the concentrations of another fat-
soluble vitamin, vitamin E, were similar930 S. ATUKORALA El' AL.
inlung-cancerpatients and controls would
appear to exclude the possibility that the
low levels were due to malabsorption.
Moreover, vitamin E increases the absorp-
tion of vitamin A (Ames, 1969; Bauern-
feind et al., 1974) and there was no corre-
lation between the serum concentrations
of vitamins A and E in our patients.
Vitamin A is transported in the blood
as the alcohol, retinol, which is bound
to a specific carrier protein, retinol-
binding protein (RBP), which in turn
forms a 1:1 complex with pre-albumin
(Glover, 1973; Goodman, 1974). RBP
normally circulates as the holoprotein
with one molecule of retinol per molecule
of protein.
Smith et al. (1974) suggested that zinc
may be involved in the mobilization of
vitamin A from the liver. This suggestion
is supported by the finding that rats
reared onzinc-deficientdietshadlow serum
vitamin A levels, in addition to low serum
zinc levels, in spite ofhigher than normal
liver stores of the vitamin (Brown et al.,
1976). Conversely, large doses of zinc to
rats raise serum vitamin A levels, and
deplete liver stores of vitamin A (Ette
etal., 1979). These resultssuggest that zinc
may be involved in the synthesis of RBP.
In our studies the low vitamin A levels
in lung-cancer patients were significantly
correlated with low RBP and zinc levels.
Others (Davies et al., 1968; Davies
1972) observed significantly low serum
zinc levels in lung cancer patients, and on
the basis of the present studies it is
tempting to suggest that these are in
some way responsible for the low RBP
levels.
Zinc plays an important role in nucleic
acid and protein synthesis (Vallee, 1977)
and tumour growth is retarded in zinc-
deficient rats (De Wys et al., 1970). It
seems therefore that rapidly growing
tumour tissue may increase the body's requirement for zinc and, when this is not
supplied in the diet, lower the circulating level of the mineral. In support of this
suggestion,malignantbreast-tumourtissue
has been found -to contain a higher con-
centration of zinc than normal surround-
ing breast tissue (Schwartz et al., 1974).
Thus it seems possible that in our
patients depletion of blood zinc levels
reducedsynthesis ofRBP, and that this in
turn was responsible for the observed low
circulating levels of vitamin A. We do
not know, however, at what stage in the
development of the disease this occurred.
Furthermore, the synthesis of RBP is
very susceptible to dietary protein intake
(Smith et al., 1973) and an effect of mal-
nutrition on RBP synthesis cannot al-
togetherbeexcluded.Againstthisexplana-
tion, however, is the finding of normal
plasma protein levels in the lung-cancer
patients. It is also interesting that low
serum vitamin A levels have been asso-
ciated with a deficiency of zinc in cystic
fibrosis (Jacob et al., 1978) and alcoholic
cirrhosis (Smith etal., 1975). Furthermore,
low serum concentrations of RBP and
zinc have been reported in male patients
with severe acne (Michaelsson et al., 1977).
If these arguments are correct, it may
well be that zinc, RBP, and vitamin A
levels in the cancer patients were all nor-
mal until the turnover grew large enough
to absorb sufficient zinc to affect RBP
and vitamin A levels. Alternatively, ifthe
vitamin A levels were already lowbefore
the cancers arose, this relative lack of
vitamin A may have made the emergence
ofthe cancer morelikely.
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